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Abstract
Purpose of Review To review the literature on built environment interventions to increase active travel, focusing on work since
2000 and on methodological choices and challenges affecting studies.
Recent Findings Increasingly, there is evidence that built environment interventions can lead to more walking or cycling.
Evidence is stronger for cycling than for walking interventions, and there is a relative lack of evidence around differential impacts
of interventions. Some of the evidence remains methodologically weak, with much work in the ‘grey’ literature.
Summary While evidence in the area continues to grow, data gaps remain. Greater use of quasi-experimental techniques,
improvements in routine monitoring of smaller schemes, and the use of new big data sources are promising. More qualitative
research could help develop a more sophisticated understanding of behaviour change.
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Introduction
This review examines recent literature on built environment
interventions and their impact on active travel. Its aim is to
assess the current state of the research field, including meth-
odological and data availability issues affecting the quality of
the evidence. Structurally, it begins with a summary of recent
evidence, before moving on to consider key challenges, focus-
ing on the increasingly popular ‘natural experiment’ approach.
It ends by suggesting pathways for future research to improve
the quality of future evidence.
‘Built environment interventions’ heremeans changes such
as the provision of cycle infrastructure, the pedestrianisation
of shopping streets, or the creation of local parks which create
or improve active travel routes. Literature generally refers to
active travel as walking and/or cycling, rather than (for in-
stance) jogging or use of newer semi-active or electric-
assisted modes (such as e-scooters). Public transport is usually
seen as non-active, although trips to access public transport
hubs may involve walking or cycling.
Current Knowledge on the Topic
Much cross-sectional literature examines built environment
factors correlated with levels of walking and cycling.
Broadly there are two types of factors: (i) qualities of the built
environment thought to improve walking and cycling experi-
ences (wider footways, cycle paths, less air pollution, etc.),
and (ii) the presence of relevant destinations within a reason-
able distance (particularly for walking, whose range is
shorter). While this evidence suggests that good active travel
environments and destination proximity are associated with
more walking and cycling, association does not necessarily
imply causality [1–3].
The same problem exists for the large number of studies
exploring preferences for different types of environment, in
relation to walking or cycling. This broadly supports the
cross-sectional literature: people can distinguish between
and express preferences for built environment factors seen as
better for walking and cycling, such as wide footways and
protected cycle infrastructure [4, 5]. However, again we are
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faced with a causality problem. People may say they would
like public parks, wide footways, reductions in motor traffic,
cycle tracks, and so on, and even that such changes would
encourage them to walk or cycle.
But will this happen? Even if causality exists, pathways to
change may not be transferable. For instance, it seems plau-
sible that many people cycle in the Netherlands primarily
because of a supportive environment, including but not lim-
ited to high quality cycling infrastructure [6]. However, for
policy-makers in low-cycling countries such as the UK, the
key question is whether, if we build cycling infrastructure
now, in a UK environment, we will see more cycling; or
whether factors such as cultural barriers to cycling mean that
change is out of reach. Given the intense controversy that
may be associated with built environment interventions, par-
ticularly pro-cycling changes in lower-cycling contexts [7,
8], there is a need for evidence focusing on interventions and
change.
Recently we have seen a rise in intervention studies (such
as longitudinal studies) and systematic reviews assessing these
[9, 10], helping to fill the gap. In general, studies find the
expected associations, although some have not done so.
More and better studies are still needed, particularly for walk-
ing infrastructure [11]. Due partly to sample size, there is often
relatively little consideration of subgroup effects, although
studies suggest there may be differences at least in the strength
of preferences expressed for ‘good’ improvements. For in-
stance, cycling research finds that infrastructure separated
from motor traffic is perceived as particularly important by
women and those cycling with children [5, 12]. Walking re-
search has similarly highlighted potential differences in per-
ception in low-income areas, including related to micro-scale
factors that may be related to (perceived) risk of crime [13].
To summarise, current evidence increasingly suggests that
changing the built environment can affect levels of active
travel. Increasingly studies cover actual interventions, rather
than only cross-sectional associations, preferences or partici-
pant views about what would influence their future behaviour.
However, there is a need for more studies with gaps remaining
particularly for walking, and for evidence around distribution-
al impacts and subgroup differences. The next section of the
paper discusses methodological issues affecting the field, in-
cluding strengths and tensions arising from its interdisciplin-
ary nature.
Discussion
The literature on built environment interventions and active
travel uptake exists at the intersection of health and transport
planning. The different disciplinary traditions have implica-
tions for what we value and measure, and differences in ap-
proach to evidence and key outcomes are discussed further
below. However, transport and health agendas have come to-
gether in recent years, at an academic and a policy level.
While public health is interested in any physical activity, it is
increasingly recognised that our best hope of reducing dan-
gerously high levels of physical inactivity is to build active
travel into everyday life, rather than it being a separate activity
that people must take time out of their lives to complete.
Conversely, transport authorities are increasingly seeing
health as a core part of their remit, such as the ‘Healthy
Streets’ approach developed by Transport for London [14].
Appropriate Evidence Standards
Transport and health fields have different traditions within
which to view monitoring and evaluation. Within transport,
monitoring and evaluation have traditionally depended on es-
timating or measuring impacts on car users, usually time sav-
ings, to the exclusion of many other issues from environmen-
tal damage to delays to pedestrians [15]. This focus has in
recent years been challenged. Many cities are seeking to im-
prove walking and cycling infrastructure, and hence to in-
crease levels of walking and cycling. However, they are not
helped by traditional planning tools, which offer much sophis-
tication in assessing motor traffic throughput along links and
junctions, but little sophistication in estimating how schemes
might affect walking and cycling uptake.
Transport authorities do often conduct their own monitoring
of active travel schemes, and they or their consultants write
reports on outcomes. When evaluated by academic standards
such research (understandably) suffers by comparison to ‘gold
standard’ evidence. Known issues include the lack of longer-
term follow-up, and a lack of control sites or comparators. This
is crucial because weather affects walking and cycling levels, so
without a control strategy, a year-on-year change in active travel
might simply be due to changes in weather. In the ‘grey litera-
ture’ there is frequently a failure to effectively measure changes
in active travel. Instead, organisations may use count data as a
measure of new trip generation, whereas it could simply repre-
sent diversion [16•]. The academic transport literature has tra-
ditionally often taken a ‘case study’ approach where ‘good
(occasionally bad) practice’ examples are described and
analysed in depth.While often providing useful in-depth insight
into policy packages and discourses [17], this approach does
not lend itself to evaluating and generalising about the impacts
of specific interventions.
Rising interest in this area among public health researchers
has encouraged the identification of a range of potential biases
associated with existing grey or academic literature assessing
impacts of interventions [18]. However, adopting medical
standards of evidence is not always straightforward for built
environment interventions, with randomised controlled trials
generally not feasible. The researcher is usually unable to
control allocation of individuals into groups, whereas this
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may be possible1 for individual- or organisational-level inter-
ventions (for instance, provision of cycle training, or work-
place measures). Political obstacles and controversies fre-
quently affect the introduction of built environment changes,
with lengthy consultation processes meaning many residents
are aware of new interventions before they happen, often
through controversy and local press coverage [19].
While not necessarily a bad thing (knowing that a new
facility exists is likely to be part of its pathway to impact) this
does make traditional quality measures such as blinding par-
ticipants to their treatment group inappropriate. Avoiding the
‘placebo effect’ has traditionally been fundamental to design
of medical and public health interventions: but what might a
‘placebo effect’ even mean in the context of built environ-
ment? We would need a clearer understanding of the relative
contributions of pathways to effects to theorise this. Some
fields have used the ‘placebo’ concept to understand pathways
to impact in their area. For instance, within environmental
psychology a ‘placebo effect’ has been identified whereby
an ‘eco-label’ rating affects perceptions of product perfor-
mance [20]. If we can better understand ‘what matters’ for
walking and cycling uptake, we would be better placed to
develop study designs that can separate this from any ‘place-
bo’ type impacts; if indeed the ‘placebo’ concept proves use-
ful for the field. We might instead want to talk about a distinc-
tion between direct benefits from changes to infrastructure or
facilities, and behaviour change induced through broader cul-
tural processes whereby people are influenced by (hearing
about) such changes, because they send a signal that active
travel is important.
Objectives, Metrics, and Methods
Another issue affecting the interdisciplinary evidence base
relates to the outcomes prioritised and valued in different
fields. While both public health and transport planning are
interested in active travel, the supplementary objectives may
vary. For transport planning, end goals are generally transport-
focused. While some interventions may primarily improve
conditions for existing cyclists or walkers [21], this may not
constitute a failure for the transport authority, as improving
journey ambiance for travellers is an important part of their
remit. However, often a key end goal is reduction of car-driver
trips; and sometimes, cities fear abstracting from public trans-
port [22], given that they fund and/or run extensive public
transport systems. By contrast, from a public health perspec-
tive switching medium length trips from bus + short walk to
cycling might create substantial benefits, due to the increased
physical activity.
These different foci lead to different methods for measuring
behaviour change. Public health literature is more sceptical of
self-reported physical activity [23], due for instance to recall
concerns. By contrast, transport planning has long relied on
travel diaries to measure use of different modes, and thus
studies within this tradition more often use subjective mea-
sures. Traditionally these travel surveys have focused on
walking or cycling for a purpose or to a destination, rather
than walking or cycling purely for pleasure or leisure (e.g.
walking the dog in a park). The extent to which the use of
subjective or objective measurement matters will vary. Travel
diaries are likely to be more reliable for recording cycling and
main mode walk trips than for short walks made as part of
multi-stage trips; which some travel surveys do not even seek
to capture. Subjective recall of physical activity is likely to be
worse than of travel.
Use of objective measurement, either through ordinary op-
eration of a smartphone or specific apps, looks increasingly
promising for measuring use of different modes [24–26]. This
has been found to be less accurate for measuring amount of
physical activity [27] compared with bespoke devices [28],
which while more traditional are more expensive and can
mean higher participant burden. Measurement accuracy is
however improving [29, 30]. As this continues, the existence
of ‘big data’ opens a door to conducting large scale studies by
piggybacking onto data collection for other purposes (e.g.
health and fitness apps), if ethical and access issues can be
resolved. A recent article [31] suggests that aggregated data
such as that from the Strava app (packaged for city use as
StravaMetro, as a proprietary, paid-for product) can help eval-
uate the impact of specific infrastructure changes, while they
are less useful for making broader inferences on change across
a region, due to differential take-up (middle-aged adult men
being disproportionately represented). Such data has been re-
cently used to estimate the impact of new cycle infrastructure
in Glasgow [32••].
Natural Experiments in the Built Environment Field
and Their Challenges
While RCTs may not be appropriate for built environment
interventions in general, epidemiological methods are in-
creasingly contributing to their evaluation. Natural experi-
ments in particular are increasingly used to study various
types of intervention, including those related to cycling and
walking environments [33••]. By treating an intervention as
an experiment to be evaluated using a control (unexposed)
and intervention (exposed) group, the major strength of the
method is that it offers a quasi-experimental approach that
can allow us to distinguish between impacts of a specific
intervention and changes due to other factors. A major weak-
ness is that because individuals are not randomly allocated to
control and intervention groups, differences may exist
1 Although not usually done, as transport authorities may not appreciate the
value-added of randomising and staggering introduction of such measures.
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beyond the presence of the intervention. This is very possible
given potentially controversial interventions where—for in-
stance—political support may shape where changes do or do
not happen.
A further challenge for these and related types of inter-
vention study is that often interventions are multi-faceted;
indeed, policy-makers are recommended to introduce
multi-faceted interventions [34] as more likely to succeed.
A possible response to this is to define intervention areas
widely, which has the benefit of making the use of existing
data easier (whether through administrative data or new big
datasets). Using secondary data can substantially reduce
study costs—important given the often-high cost of
collecting new data to evaluate interventions. It can enable
the analysis of more data than could be typically collected
through a new longitudinal study, hence facilitating the anal-
ysis of interaction effects—a gap in the evidence as
discussed above. Disadvantages are the inability to discrim-
inate between specific interventions and that existing data
may not well measure travel behaviour. In a UK-based study,
town-wide cycling initiatives were evaluated using adminis-
trative data from the decennial Census, completion of which
is mandatory [35]. This provided (changes in) travel-to-work
data for almost the entire population. However, the data only
relates to commuting (less than one in five of all trips) and
uses a ‘habitual behaviour’ question; although the resulting
measures of cycling do correlate well with those derived
from travel surveys.
A second, related, challenge covers how we characterise
interventions in the first place. City authorities often brand
interventions or use ill-defined terms to describe them; for
instance, as ‘cycle superhighways’, ‘complete streets’, ‘bicy-
cle boulevards’, or ‘traffic calming’, and these terms are often
then also used in academic literature. All are somewhat amor-
phous and may represent very different route environments or
interventions even within the same city, let alone in different
cities, countries, and regions. In the London, UK, case, a cycle
superhighway variously might imply a wide one- or two-way
cycle track separated from motor traffic and pedestrians; a
designated route along supposedly quiet side streets; a blue
painted cycle lane; or a shared bus lane.
The stated preference literature suggests these different fa-
cility types have very different levels of attractiveness to users
[36], which may translate into differences in uptake.
Analysing the impacts of London ‘cycle superhighways’ as
a type of infrastructure may thus tell us relatively little about
characteristics of the route environment that can increase
levels of cycling. More broadly there is often a problem with
generalisability. Where studies only look at commuting, can
we assume that there will be changes in other types of travel?
Can we assume that results of an intervention in one region,
country, or city, are likely to happen in another, with a differ-
ent surrounding context?
There is also the question of distinguishing ‘carrot’ and
‘stick’ interventions. These colloquial names for interven-
tions aimed at (i) increasing active travel and (ii) discour-
aging driving are poorly chosen. Interventions that offer
better conditions for walking or cycling often necessarily
discourage driving: for instance, by re-purposing car
parking spaces as pocket parks or cycle infrastructure.
Limited amounts of space and time, and competing
modes, mean that this is often unavoidable. Yet to what
extent, for instance, do wider footways increase walking
uptake (if they do) by comparison with a reduction in
motor traffic entailed by the associated reduction in space
for cars? At present, there is limited evidence specifically
how reducing space, time, or facilities for motor traffic
affects walking and cycling. Within transport studies,
some work deals with its impact on driving. A 1998 re-
view concluded that if space for cars is cut, much motor
traffic will often simply disappear [37]. ‘Traffic evapora-
tion’ may be made up of a range of behaviour modifica-
tions; from changing journey time, destination, or route;
to simply not making a trip or ordering online; to com-
bining trips differently; to shifting a trip to walking, cy-
cling, or public transport. Here we are particularly inter-
ested in mode shift, for which much of the evidence tends
to use lower quality study designs such as uncontrolled
case studies [38].
Even where interventions are easier to define, there is a
broader challenge of identifying the population exposed to
an intervention, given travel is often to somewhere (and
yet, as above, that ‘somewhere’ can potentially change
for many types of trip). Studies often use distance to spe-
cific interventions, such as new cycle routes or walking/
cycling infrastructure [39, 40], although the impact of dis-
tance may vary depending on location of key destinations.
For instance, a route from suburbs to centre might have the
highest impact in the middle, if most trips are headed to-
wards the central area. It may be less useful for those who
live in a central area and do not need/wish to journey to the
suburbs, or for those living in the far suburbs for whom the
trip to the centre is too far to cycle. A single distance
measure implicitly assumes these differences do not matter.
A study of London ‘mini-Holland programmes’ [19] in
three boroughs (municipalities) used a subjective ap-
proach to exposure, asking local stakeholders in each bor-
ough to define ‘high-dose areas’ (repeated annually) with-
in their borough, where they thought interventions might
have a direct impact on travel behaviour. This allowed
analysis to draw on expert knowledge of how, for in-
stance, a new route might serve some areas through which
it passed better than others (for instance, because of the
differing quality of existing infrastructure to which the
route connected). The study found an increase of 41 mi-
nutes weekly active travel (mostly composed of walking)
Curr Envir Health Rpt
after 1 year among those living in the high-dose area.
However, there was no statistically significant increase
among those living within low-dose areas in intervention
boroughs where no local changes had been made. Hence
there seemed to be a clear impact associated with specific
built environment changes, rather than simply from the
broader borough-level programme in general (e.g. through
borough-wide publicity or promotion). Had the study used
only borough-level analysis, this change would have been
missed.
Despite all the methodological challenges, the natural
experiment approach provides one model for how public
health approaches can be adapted for use in studying the
built environment. These studies have advanced the evi-
dence base by providing better evidence around causality
than that which can be delivered through cross-sectional
studies, case study research, and stated preference studies.
They are not the only useful studies, and I will suggest in
the conclusion that they need to be supplemented, includ-
ing by innovative qualitative work, and by attempts to
develop more rigorous classifications of intervention ty-
pologies and their likely effects.
Conclusion: What’s Next?
It is usual for such reviews to conclude with a call for
more, high-quality studies. This would indeed be useful.
We still need more natural experiments and other high-
quality studies, particularly covering subgroup differences
and impacts on walking. However, other work needs to be
done to strengthen the underlying models shaping our
understanding of travel behaviour [41]. Much work relies
on an assumption that intention precedes action; however,
a recent study of behaviour change during the London
Olympics found that over half of those who were not
considering making a change did go on to do so [42].
Investigation of mode shift often considers it as a one-
time process (did you change from the car? From the
bus? and so on), yet there may be knock-on impacts of
such changes. For instance, if metro users shift to walking
(after a new path is introduced), this might reduce
crowding, and thus encourage drivers to then switch to
public transport. More broadly, people who start walking
or cycling more might then change where they shop or
socialise, finding that local shopping is more convenient
and ‘big box’ retail less so. We know relatively little
about these processes, meaning that there is a need for
more in-depth, qualitative research about responses to
interventions.
This understanding could in turn help shape how and what
we measure, and length of follow-up, often relatively short
even in academic studies. The London study of ‘mini-
Holland schemes’ referred to above [19] found no change in
car use after 1 year, suggesting that increased active travel
represented additional journeys, rather than having replaced
car travel. However, after 2 years within specific high-dose
areas changes were found [43], suggesting that people initially
may have increased active travel trips without cutting car use
(e.g. more local leisure walking) but over time this settles
down and new active travel trips replace some car trips.
However, without qualitative investigation into these changes,
it is difficult to understand these trajectories and how they
might vary.
Research could usefully do more to tease out and separate
the possible impacts of different components of the built en-
vironment that affect walking and cycling. Given the variety
of factors affecting how, when, and where we travel, this
seems like a big ask, especially given cross-cultural variation
in design of different aspects of the street environment.
However, there is a role here for relatively low-cost prefer-
ence-based research. Asking people what types of environ-
ment they would prefer to walk or cycle in does not necessar-
ily tell us about take-up. It might, however, allow us to better
understand what components of a walking or cycling environ-
ment are perceived as more or less important, and why, by
different sub-groups and in different contexts. This in turn
can allow a more systematic approach to categorising and
evaluating interventions. The ability to use visual material
(photos, computer-generated images, videos) within online
or computer-assisted surveys means that such research can
be done in a much more sophisticated manner than in the past,
where people were simply asked their views on ‘a cycle lane’
[44].
Finally, more work could be done considering the extent
to which medical research models could and should be
adapted to deal with transport research and policy-making.
The involvement and contribution of public health disci-
plines has substantially enhanced the field, highlighting the
sometimes biased and/or limited nature of evidence within
the transport field. But should transport research be adopting
an identical hierarchy of evidence to that developed within
medical science? For individual-level interventions, pre-
sumed to operate independent of knowledge and belief (par-
adigmatically, a pill), the double-blinded RCT is seen to rep-
resent the pinnacle of research excellence, by isolating the
impact of the intervention from ‘irrelevant’ context.2 Yet
does the transport field, where beliefs and perceptions are
not simply bias but part of the ways in which interventions
(do not) work, need different hierarchies; different ways of
conceptualising relationships between different factors, and
pathways to change?
2 Although medical RCTs have often only recruited a sub-set of the popula-
tion, seeing some people’s characteristics as more inherently biasing than
others’.
Curr Envir Health Rpt
Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
References
Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance
1. Fraser SD, Lock K. Cycling for transport and public health. Eur J
Public Health [Internet]. 2011 [cited 2019 Apr 27];21(6):738–43.
Available from: https://academic.oup.com/eurpub/article-abstract/
21/6/738/493197.
2. McCormack GR, Shiell A. In search of causality: a systematic
review of the relationship between the built environment and phys-
ical activity among adults [Internet]. Vol. 8, Int J Behav Nutr Phys
Act. 2011 [cited 2019 Apr 27]. Available from: https://ijbnpa.
biomedcentral.com/articles/10.1186/1479-5868-8-125.
3. Kaczynski AT, Henderson KA. Environmental correlates of physi-
cal activity: a review of evidence about parks and recreation. Leis
Sci [Internet]. 2007 Jul [cited 2019 Apr 27];29(4):315–54.
Available from: http://www.tandfonline.com/doi/abs/10.1080/
01490400701394865.
4. Blečić I, Canu D, Cecchini A, Congiu T, Fancello G. Factors of
perceived walkability: a pilot empirical study. In: Lecture notes in
computer science (including subseries lecture notes in artificial in-
telligence and lecture notes in bioinformatics) [Internet]. Springer,
Cham; 2016 [cited 2019 Apr 27]. p. 125–37. Available from: http://
link.springer.com/10.1007/978-3-319-42089-9_9.
5. Aldred R, Elliott B, Woodcock J, Goodman A. Cycling provision
separated frommotor traffic: a systematic review exploring whether
stated preferences vary by gender and age. Transp Rev [Internet].
2017 Jan 2 [cited 2019 Apr 27];37(1):29–55. Available from:
https://www.tandfonline.com/doi/full/10.1080/01441647.2016.
1200156.
6. Pucher J, Buehler R. Making cycling irresistible: lessons from the
Netherlands, Denmark and Germany. Transp Rev. 2008;28(4):495–
528 Available from: http://www.tandfonline.com/action/
journalInformation?journalCode=ttrv20.
7. Castillo-Manzano JI, Sánchez-Braza A. Can anyone hate the bicy-
cle? The hunt for an optimal local transportation policy to encour-
age bicycle usage. Env Polit [Internet]. 2013 Nov [cited 2019
Apr 27];22(6):1010–28. Available from: http://www.tandfonline.
com/doi/abs/10.1080/09644016.2012.740936.
8. Aldred R. Who caused that congestion? Narrating driving and cy-
cling in a changing policy context. Travel Behav Soc [Internet].
2019 Jul 1 [cited 2019 Apr 27];16:59–69. Available from: https://
www.sciencedirect.com/science/article/pii/S2214367X18302114.
9. Kärmeniemi M, Lankila T, Ikäheimo T, Koivumaa-Honkanen H,
Korpelainen R. The built environment as a determinant of physical
activity: a systematic review of longitudinal studies and natural
experiments. Ann Behav Med [Internet]. 2018 [cited 2019
Apr 27];52(3):239–51. Available from: https://academic.oup.com/
abm/article-abstract/52/3/239/4815762.
10. Smith M, Hosking J, Woodward A, Witten K, MacMillan A, Field
A, et al. Systematic literature review of built environment effects on
physical activity and active transport - an update and new findings
on health equity. Int J Behav Nutr Phys Act [Internet]. 2017 Dec 16
[cited 2019 Apr 27];14(1):158. Available from: https://ijbnpa.
biomedcentral.com/articles/10.1186/s12966-017-0613-9.
11. Stappers NEH, Van Kann DHH, Ettema D, De Vries NK, Kremers
SPJsssss. The effect of infrastructural changes in the built environ-
ment on physical activity, active transportation and sedentary be-
havior – a systematic review. Health Place [Internet]. 2018 Sep 1
[cited 2019 Apr 16];53:135–49. Available from: https://www.
sciencedirect.com/science/article/pii/S1353829217311504.
12. Aldred R. Adults’ attitudes towards child cycling: a study of the
impact of infrastructure. Eur J Transp Infrastruct Res. 2015;15(2).
13. Sallis JF, Slymen DJ, Conway TL, Frank LD, Saelens BE, Cain K,
et al. Income disparities in perceived neighborhood built and social
environment attributes. Heal Place [Internet]. 2011 Nov 1 [cited
2019 Apr 27];17(6):1274–83. Available from: https://www.
sciencedirect.com/science/article/pii/S1353829211000463.
14. Fairnie GA, Wilby DJR, Saunders LE. Active travel in London: the
role of travel survey data in describing population physical activity.
J Transp Heal [Internet]. 2016 Jun 1 [cited 2019 Apr 16];3(2):161–
72. Available from: https://www.sciencedirect.com/science/article/
pii/S221414051600013X.
15. Beukers E, Bertolini L, Brömmelstroet M. Why cost benefit analy-
sis is perceived as a problematic tool for assessment of transport
plans: a process perspective. Transp Res Part A Policy Pract
[Internet]. 2012 [cited 2019 Apr 27];68–78(1):68–78. Available
from: https://www.sciencedirect.com/science/article/pii/
S0965856411001376.
16.• Aldred R, Croft J. Evaluating active travel and health economic
impacts of small streetscape schemes: an exploratory study in
London. J Transp Heal [Internet]. 2019 Mar 1 [cited 2019
Apr 16];12:86–96. Available from: https://www.sciencedirect.
com/science/article/pii/S2214140518304006. Provides an
example of a low-cost method using routine monitoring data
alongside an intercept survey to measure the impact of a
small-scale change to one street. The method could be used
across multiple small interventions to provide better under-
standing of variation in responses to such changes.
17. Gössling S. Urban transport transitions: Copenhagen, city of cy-
clists. J Transp Geogr [Internet]. 2013 Dec 1 [cited 2019
Apr 27];33:196–206. Available from: https://www.sciencedirect.
com/science/article/pii/S0966692313002111.
18. Yang L, Sahlqvist S, McMinn A, Griffin SJ, Ogilvie D.
Interventions to promote cycling: systematic review. BMJ
[Internet]. 2010 Oct 18 [cited 2019 Apr 17];341(oct18 2):c5293–
c5293. Available from: http://www.bmj.com/cgi/doi/10.1136/bmj.
c5293.
19. Aldred R, Croft J, Goodman A. Impacts of an active travel inter-
vention with a cycling focus in a suburban context: one-year find-
ings from an evaluation of London’s in-progress mini-Hollands
programme. Transp Res Part A Policy Pract [Internet]. 2019
Jun 25 [cited 2019 Apr 16];123:147–69. Available from: https://
www.sciencedirect.com/science/article/pii/S0965856417314866.
20. Sörqvist P, Haga A, Holmgren M, Hansla A. An eco-label effect in
the built environment: performance and comfort effects of labeling
a light source environmentally friendly. J Environ Psychol
[Internet]. 2015 Jun 1 [cited 2019 Apr 27];42:123–7. Available
from: https://www.sciencedirect.com/science/article/pii/
S0272494415000286.
21. Skov-Petersen H, Jacobsen JB, Vedel SE, Thomas Alexander SN,
Rask S. Effects of upgrading to cycle highways - an analysis of
demand induction, use patterns and satisfaction before and after. J
Transp Geogr [Internet]. 2017 Oct 1 [cited 2019 Apr 16];64:203–
10. Available from: https://www.sciencedirect.com/science/article/
pii/S0966692316304008.
22. Fishman E, Washington S, Haworth N. Bikeshare’s impact on ac-
tive travel: evidence from the United States, Great Britain, and
Curr Envir Health Rpt
Australia. J Transp Heal [Internet]. 2015 Jun 1 [cited 2019
Apr 16];2(2):135–42. Available from: https://www.sciencedirect.
com/science/article/pii/S2214140515000195.
23. Arnott B, Rehackova L, Errington L, Sniehotta FF, Roberts J,
Araujo-Soares V. Efficacy of behavioural interventions for transport
behaviour change: systematic review, meta-analysis and interven-
tion coding. Int J Behav Nutr Phys Act [Internet]. 2014 Dec 28
[cited 2019 Apr 16];11(1):133. Available from: http://ijbnpa.
biomedcentral.com/articles/10.1186/s12966-014-0133-9.
24. Zhou X, Yu W, Sullivan WC. Making pervasive sensing possible:
effective travel mode sensing based on smartphones. Comput
Environ Urban Syst [Internet]. 2016 Jul 1 [cited 2019 Apr 16];58:
52–9. Available from: https://www.sciencedirect.com/science/
article/pii/S0198971516300187.
25. Safi H, Assemi B, Mesbah M, Ferreira L. Trip detection with
smartphone-assisted collection of travel data. Transp Res Rec J
Transp Res Board [Internet]. 2016 Jan 1 [cited 2019
Apr 16];2594(1):18–26. Available from: http://journals.sagepub.
com/doi/10.3141/2594-03.
26. Shafique M, Hato E, Shafique MA, Hato E. Travel mode detection
with varying smartphone data collection frequencies. Sensors
[Internet]. 2016 May 18 [cited 2019 Apr 16];16(5):716. Available
from: http://www.mdpi.com/1424-8220/16/5/716.
27. Orr K, HoweHS, Omran J, Smith KA, Palmateer TM,MaAE, et al.
Validity of smartphone pedometer applications. BMC Res Notes
[Internet]. 2015 Dec 30 [cited 2019 Apr 16];8(1):733. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/26621351.
28. Rosenberger ME, Buman MP, Haskell WL, McConnell M V,
Carstensen LL. Twenty-four hours of sleep, sedentary behavior,
and physical activity with nine wearable devices. Med Sci Sports
Exerc [Internet]. 2016 Mar [cited 2019 Apr 16];48(3):457–65.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/26484953.
29. Donaire-Gonzalez D, De Nazelle A, Seto E, Mendez M,
Nieuwenhuijsen MJ, Jerrett M. Comparison of physical activity
measures using mobile phone-based calfit and actigraph. J Med
Internet Res [Internet]. 2013 Jun 13 [cited 2019 Oct 5];15(6):
e111. Available from: http://www.jmir.org/2013/6/e111/.
30. Donaire-Gonzalez D, Valentín A, de Nazelle A, Ambros A,
Carrasco-Turigas G, Seto E, et al. Benefits of mobile phone tech-
nology for personal environmental monitoring. JMIR mHealth
uHealth [Internet]. 2016 Nov 10;4(4):e126. Available from: http://
mhealth.jmir.org/2016/4/e126/.
31. Heesch KC, Langdon M. The usefulness of GPS bicycle tracking
data for evaluating the impact of infrastructure change on cycling
behaviour. Heal Promot J Aust [Internet]. 2016 Dec 11 [cited 2019
Apr 17];27(3):222–9. Available from: http://doi.wiley.com/10.
1071/HE16032.
32.•• Hong J, McArthur DP, Livingston M. The evaluation of large cy-
cling infrastructure investments in Glasgow using crowdsourced
cycle data. Transportation (Amst) [Internet]. 2019 Mar 14 [cited
2019 Oct 5];1–14. Available from: http://link.springer.com/10.
1007/s11116-019-09988-4. An example using crowdsouced ‘big
data’ to estimate the impact of cycle infrastructure investment.
Among users of the app, flows were up by 12–18% for three of
four new infrastructure projects.
33.•• Sun G, Oreskovic NM, Lin H. How do changes to the built envi-
ronment influence walking behaviors? a longitudinal study within a
university campus in Hong Kong. Int J Health Geogr [Internet].
2014 Jul 28 [cited 2019 Apr 16];13(1):28. Available from: http://
ij-healthgeographics.biomedcentral.com/articles/10.1186/1476-
072X-13-28. Unusual in focusing on the walking environment
and developed a walking-oriented travel diary in order to do so.
Found that increased pedestrian network connectivity encour-
aged walking for transportation.
34. Winters M, Buehler R, Götschi T. Policies to promote active travel:
evidence from reviews of the literature. Curr Environ Heal Reports
[Internet]. 2017 Sep 10 [cited 2019 Apr 16];4(3):278–85. Available
from: http://link.springer.com/10.1007/s40572-017-0148-x.
35. Goodman A, Panter J, Sharp SJ, Ogilvie D. Effectiveness and eq-
uity impacts of town-wide cycling initiatives in England: a longitu-
dinal, controlled natural experimental study. Soc SciMed [Internet].
2013 Nov 1 [cited 2019 Apr 17];97:228–37. Available from:
h t t p s : / /www.s c i enced i r e c t . com/ s c i ence / a r t i c l e / p i i /
S0277953613004826.
36. Aldred R. Adults’ attitudes towards child cycling: a study of the
impact of infrastructure. EJTIR [Internet]. 2015; Available from:
http://www.tlo.tbm.tudelft.nl/fileadmin/Faculteit/TBM/Onderzoek/
EJTIR/Back_issues/15.2/2015_02_00.pdf.
37. Cairns S, Hass-Klau C, Goodwin P. Traffic impact of highway
capacity reductions: assessment of the evidence. London; 1998.
38. Scheepers CE, Wendel-Vos GCW, den Broeder JM, van Kempen
EEMM, van Wesemael PJV, Schuit AJ. Shifting from car to active
transport: a systematic review of the effectiveness of interventions.
Transp Res Part A Policy Pract [Internet]. 2014 Dec 1 [cited 2019
Apr 16];70:264–80. Available from: https://www.sciencedirect.
com/science/article/pii/S0965856414002493
39. Goodman A, Sahlqvist S, Ogilvie D. New walking and cycling
routes and increased physical activity: one- and 2-year findings
from the UK iConnect Study. Am J Public Health [Internet]. 2014
Sep 14 [cited 2015 May 24];104(9):e38–46. Available from: http://
ajph.aphapublications.org/doi/abs/10.2105/AJPH.2014.302059.
40. Heinen E, Panter J, Dalton A, Jones A, Ogilvie D. Sociospatial
patterning of the use of new transport infrastructure: walking, cy-
cling and bus travel on the Cambridgeshire guided busway. J
Transp Heal [Internet]. 2015 Jun 1 [cited 2019 Apr 16];2(2):199–
211. Available from: https://www.sciencedirect.com/science/
article/pii/S2214140514000905.
41. Ahern SM, Arnott B, Chatterton T, de Nazelle A, Kellar I,
McEachan RRC. Understanding parents’ school travel choices: a
qualitative study using the Theoretical Domains Framework. J
Transp Heal [Internet]. 2017 Mar 1 [cited 2019 Apr 27];4:278–
93. Available from: https://www.sciencedirect.com/science/article/
pii/S2214140516303966.
42. Parkes SD, Jopson A, Marsden G. Understanding travel behaviour
change during mega-events: lessons from the London 2012 Games.
Transp Res Part A Policy Pract [Internet]. 2016 Oct 1 [cited 2019
Apr 27];92:104–19. Available from: https://www.sciencedirect.
com/science/article/pii/S096585641630101X.
43. Transport for London. Travel in London 11 [Internet]. London;
2018. Available from: http://content.tfl.gov.uk/travel-in-london-
report-11.pdf.
44. Ghekiere A, Deforche B, De Bourdeaudhuij I, Clarys P, Mertens L,
Cardon G, et al. An experimental study using manipulated photo-
graphs to examine interactions between micro-scale environmental
factors for children’s cycling for transport. J Transp Geogr
[Internet]. 2018 Jan 1 [cited 2019 Apr 27];66:30–4. Available from:
h t t p s : / /www.s c i enced i r e c t . com/ s c i ence / a r t i c l e / p i i /
S0966692316301454.
Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.
Curr Envir Health Rpt
